Introduction
Hip fracture has a high prevalence in an ageing population and places a major burden on and challenge to our health care system. In Hong Kong, the number of geriatric hip fractures managed in the Hospital Authority increased from 3678 in 2000 to 4579 in 2011. 1 International clinical guidelines recommend surgical treatment within 2 days of admission. [2] [3] [4] Geriatric hip fracture was selected as the first Key Performance Indicator (KPI) New knowledge added by this study • This study provides evidence that Key Performance Indicator (KPI) can increase the percentage of patients who undergo early surgery and improve their clinical outcome.
• Most medically fit patients were identified for early surgery within 2 days.
• High-risk patients with medical co-morbidities were identified for prompt preoperative optimisation under KPI.
Implications for clinical practice or policy
• Early surgery should be considered the standard of care for management of elderly patients with hip fracture. Patients were divided into three groups according to timing of surgery: early (0-2 calendar days after admission), delayed (3-4 calendar days after admission), and late (≥5 calendar days after admission) groups. Dates of death were retrieved from the Deaths Registries of the Hong Kong SAR. Based on the date of death, we analysed the 30-day and 1-year mortality regardless of cause. Mortality was calculated using Kaplan-Meier survival analysis. Among the three groups, the 30-day and 1-year mortality were compared using Chi squared test. Long-term mortality was compared by Cox regression models using age, gender, and year as covariates. Subgroup analysis of mortality before (year [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] and after (year 2009-2011) the execution of KPI for hip fracture was also performed. The result was considered statistically significant if the P value was <0.05. All analyses were performed using SAS version 9.3 (SAS Institute Inc, Cary [NC], US) software. The principles outlined in the Declaration of Helsinki have been followed.
早期手術可減低華籍老年髖部骨折術後的短期及 長期死亡率

Results
The study identified 43 830 patients (12 821 men and 31 009 women) with age ranging from 65 to 112 years (mean, 82 years). Early surgery was performed in 48%, delayed surgery in 25%, and late surgery in 27% of all patients. The 30-day and 1-year mortality of the patients by gender and surgery group are listed in Tables 1 and 2 , respectively. For each agegroup (65-69, 70-74, 75-79, 80-84, ≥85 years), the percentage of early, delayed, or late surgery was similar with a deviation of only 1% to 2%. Linear regression revealed no correlation between the timing of surgery and patient age. The 1-year mortality rate The long-term mortality rate was also significantly related to the timing of surgery using log rank test (Fig 1) . The hazard ratios (HRs) of longterm mortality were 1.16 (95% CI, 1.13-1.20) and 1.37 (95% CI, 1.33-1.41) when the delayed group and late group were compared with the early group, respectively. Such significant difference was observed across all age-groups for both genders, except those male patients of 65-69 years in the delayed surgery group (Table 3 ). In men, the respective HR was 1.12-1.35 and 1.30-1.58 when the delayed group and late group were compared with the early group, with the highest HR noted in the age-group of 70-74 years. Similar results were observed in females: the HR varied with age and ranged from 1.12-1.40 and 1.29-1.70 respectively when the delayed group and late group were compared with the early group, with the highest HR in the age-group of 70-74 years (Table 3) .
Subgroup analysis of the mortality rate before (year [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] and after (year 2009-2011) execution of KPI for hip fracture was performed. Mortality rate increased as surgery delay was prolonged. The respective relative risk of 1-year mortality before KPI was 1.12 (95% CI, 1.04-1.21) and 1.27 (95% CI, 1.19-1.36) when the delayed group and late group were compared with the early group; the corresponding figures after KPI were 1.15 (95% CI, 0.99-1.34) and 1.39 (95% CI, 1.20-1.60). The overall 1-year mortality was lower in the post-KPI group (relative risk=0.81; P<0.001; 95% CI, 0.76-0.86). All results were statistically significant (Table 4) . There was also a gradual reduction in preoperative length of stay of elderly patients (age range, 65-112 years) with hip fracture in the post-KPI period (Fig 2) .
Discussion
Hip fracture in elderly patients is well known to be associated with osteoporosis and sarcopenia. 9, 10 In an ageing population, it is becoming more important and places a great burden on our health care system. Timing of surgery for hip fracture is considered an important factor in reducing mortality. We therefore conducted this study to find out their relationship. To the best of our knowledge, this is the first large observational study of the association between timing of surgery and mortality of hip fracture in the local Chinese elderly population.
Current international guidelines and national model of care for geriatric hip fracture recommend 2 The National Institute for Health and Care Excellence (NICE) Clinical Guideline (CG 124) from the United Kingdom recommends that surgery be performed on the day of, or the day after admission, based on the reason that early surgery within 24 or 48 hours is associated with a lower mortality risk. 3 In Canada, access to surgery should be no later than 48 hours or 2 days after admission to the emergency room. 4 Hip fracture is associated with high mortality among the elderly people, with excess mortality compared with the general population globally. 11 Our study found that longer preoperative stay was associated with an overall increased 30-day, 1-year, and long-term mortality in the study population, as shown in Tables 2 and 3 . Other studies have examined short-term mortality following surgery, with medical co-morbidities adjusted. Colais et al 7 reported that patients who underwent surgery within 2 days had a lower 1-year mortality than those in whom surgery was delayed (HR=0.83; 95% CI, 0.82-0.85). Moja et al 12 performed a meta-analysis of 35 studies and found that early surgery (<2 days of admission) had significantly less mortality, with the odds ratio (OR) being 0.74 (95% CI, 0.67-0.81; P<0.001). In cases with more than 2 days of delay, the OR for death in hospital was 1.43 (95% CI, 1.37-1.49) and 30-day mortality was 1.36 (95% CI, 1.29-1.43). 13 Sund and Liski 14 found that delay of more than 2 nights led to a significant increase in mortality; the HR for late surgery was 1.18 (95% CI, 1.09-1.28, P<0.0001). Similar findings were also reported from other studies. Delay of surgery affected both shortterm and long-term mortality. [15] [16] [17] In our study, the HRs for delayed surgery and late surgery were 1.16 and 1.37, respectively, similar to other large-scale international studies. 14, 16 The longer the delay in surgery, the worse the clinical outcome.
Most studies in the current literature have focused on short-term mortality following surgery in patients with hip fracture, but it is known that mortality in those elderly patients with hip fracture is high not only in the first year following fracture, but also remains higher than the general population during the subsequent 5 years of follow-up in some studies. Man et al 1 reported a 1-year excess mortality following surgery for geriatric hip fracture of 6.22% to 23.45%. In our study, the beneficial effects of early surgery on mortality were not only limited to the first year after initial fracture, but extended to later years after the injury based on the calculation using survival analysis (Fig 1) . Our results showed that the HRs of long-term mortality were 1.16 (95% CI, 1.13-1.20) and 1.37 (95% CI, 1.33-1.41) when the delayed group and late group were compared with the early group, respectively. This significant result was observed across all age-groups for both genders (Table 3) , despite advancing age and male gender being associated with increased mortality and higher excess mortality following hip surgery. 1 Thus, early surgery for hip fracture among elderly patients is justified to relieve pain, reduce complications, and improve survival; this echoes our current local guidelines from the Hospital Authority. 4, 16, 18, 19 Key Performance Indicator was a framework formulated by the Hospital Authority in 2008 and covered three areas, including Clinical Services, Human Resources, and Finance. For each area, it covers a collection of selected indicators. Annual reviews are conducted by a working group to ensure the KPIs are in line with the service directions and priorities of the Hospital Authority. Through comments and feedback collected from different sources, the working group reviews the results and offers suggestions and recommendations for subsequent service development and resource allocation, in order to provide the best service and practices for the general public. With the implementation of the KPI, hospitals gradually operated on hip fractures as an emergency or earlier under the supervision of more experienced orthopaedic surgeons. In the past, it was not uncommon for hip fracture surgery to be performed by junior orthopaedic surgeons in an emergency setting after office hours. According to the Blue Book of the British Orthopaedic Association, "all patients with hip fracture who are medically fit should have surgery within 48 hours of admission, and during normal working hours". 2 To correctly interpret the best practice guideline, timing of surgery is an important consideration that can improve outcome. Therefore, emergency daytime surgery under supervision is preferable. Prior to 2007 the KPI was approximately 30%, but it had improved to 71.6% by 2015. 20 As a result, length of hospital stay, and postoperative mortality and morbidity were reduced in our population.
18 Figure 2 shows the gradual reduction in preoperative length of stay of elderly patients (age range, 65-112 years) with hip fracture after implementation of KPI. Lau et al 21 identified preoperative length of stay as one of the most important factors to affect clinical outcomes of elderly patients with hip fracture. This was confirmed by our study. After the introduction of KPI for geriatric hip fracture, there was a reduced preoperative stay, and improved survival with reduced 1-year mortality (Table 4 ). This was likely because patients were able to mobilise sooner with consequent faster recovery and rehabilitation. Advances in surgical techniques, improved perioperative care, and a multidisciplinary approach allowed high-risk elderly patients to undergo early surgery.
Since the execution of KPI, the percentage of medically fit patients operated on early has increased by approximately 30% to over 70%. 5, 18 As a result, the overall 1-year mortality was significantly lower in the post-KPI group. Our current data reveal that the KPI was successful in allowing more patients to have earlier surgery with a consequent better clinical outcome. Unnecessary delay for surgery was avoided.
One of the reasons for a delay in surgery was medical fitness. It is not uncommon for geriatric patients to be admitted with an acute medical comorbidity, such as chest infection. This group of patients has complex care needs and a higher risk of morbidity and mortality. 11 Surgery is often delayed due to the need for a medical condition to be stabilised. We therefore performed a subgroup analysis of 1-year mortality in patients before and after KPI. Our results showed that after the implementation of KPI, the increased relative risk of mortality for delayed surgery was even more pronounced (Table 4) .
A recent retrospective analysis of prospectively collected data published by Nyholm et al 22 revealed that patients who underwent delayed surgery had more co-morbidities, and those with a higher American Society of Anesthesiologists (ASA) score often waited longer for surgery. One of the postulated reasons was preoperative optimisation of their medical condition. Nonetheless they were able to show an association between surgical delay and risk of mortality even after adjustment for ASA score, indicating that there was an increased risk of mortality with increasing surgical delay, but not due to decreasing medical fitness of patients with longer delay times only. 23 A systematic review and meta-analysis by Moja et al 12 of 35 retrospective and prospective studies examined the association between mortality and delayed surgery in hip fracture among elderly patients. Meta-analysis of the primary outcome of overall mortality showed that early surgery (<2 days of admission) had significantly less mortality with an OR of 0.74 (95% CI, 0.67-0.81; P<0.001). Meta-analysis of only prospective studies gave similar results (OR=0.69; 95% CI, 0.57-0.83), and further analysis did not show any effect of potential confounders such as age or gender. Despite some intra-study heterogeneity, these authors concluded that early surgery was associated with overall lower mortality risk, consistent with the current recommendation in national guidelines. [2] [3] [4] In order to achieve early preoperative optimisation, collaboration with orthogeriatricians is important. The National Hip Fracture Database annual report in 2015 revealed that 85.3% of people with hip fracture received orthogeriatric assessment in the perioperative period. Such service, however, was not available in all orthopaedic units. 23 The NICE Clinical Guideline (CG 124) recommends early input from orthogeriatricians in the management of patients with hip fracture. 3 They play a key role in the integration of initial assessment and perioperative care as most elderly patients with hip fracture have co-morbidities. Leung et al 24 found that input from geriatricians in the pre-and post-operative periods resulted in reduced 1-year mortality (11.5% for orthogeriatric group vs 20.4% for conventional group; P=0.02) and improved functional outcome in elderly patients with hip fracture. In the study of Vidán et al, 25 patients assigned to the geriatric intervention showed a lower hospital mortality (0.6% vs 5.8%; P=0.03) and major medical complication rate (45.2% vs 61.7%; P=0.003) compared with the usual care group. Similar findings are evident in many other reports. [26] [27] [28] Orosz et al 29 classified reasons of delay in surgery into patient-related or system-related. Delay related to stabilisation of medical co-morbidities may sometimes be inevitable, but operative delay would undoubtedly have a significant impact on survival. Based on this observational study, we were able to conclude that KPI was successful in allowing more medically fit patients to undergo surgery without delay and therefore lead to improved clinical outcomes. Surgery may be delayed in highrisk patients to enable optimisation of medical conditions, and involves close collaboration with orthogeriatricians.
In future studies, further subgroup analysis of patients with different ASA grade and number of co-morbidities is warranted so that causes of excess mortality and high-risk patients can be recognised and early interventions performed to reduce their risk. Potential confounding factors should also be identified as far as possible so they can be controlled and matched in future studies. The setting up of a fragility fracture registry would be beneficial for further studies and analysis.
Limitations
This study has several limitations. First, factors affecting mortality-for example, pre-injury mobility status, medical co-morbidities, ASA grade, functional status, and fracture type-were not adjusted. It is known that patients with active medical co-morbidities have higher morbidity and mortality. 15 Medical fitness is one of the major confounding factors in delayed surgery. Patients who are medically fit generally undergo surgery earlier, and those with medical co-morbidities may be delayed for preoperative assessment and stabilisation.
Second, a small percentage of geriatric hip fracture patients who were treated in the private sector was not included. This, however, would not have had a large impact on the overall results as approximately 98% of elderly patients with hip fracture are managed in public hospitals under the Hospital Authority. We believe our data are an accurate reflection of hip fracture cases in Hong Kong. 30 Third, like many database systems for hospital data, deaths out of Hong Kong were not captured, leading to underreported hospital mortality.
Fourth, the current observed association between early operation and reduced mortality rate might have been substantially confounded by improved operative techniques and choice of implant (eg use of cemented hemiarthroplasties for relatively younger and medically fit elderly patients with femoral neck fractures), early involvement from orthogeriatricians, and improved general medical care. Undoubtedly all these factors within the current improved clinical pathway have played an important role in the improved clinical outcomes in the later (post-KPI) period of this study.
Lastly, reasons for delay in operation were not determined in this study.
Conclusion
The present observational study found that KPI has successfully increased the percentage of patients undergoing early surgery within 2 days so as to improve clinical outcome, with one of the parameters being mortality. Collaboration with orthogeriatricians will allow early preoperative optimisation of high-risk patients with medical co-morbidities. With an expected increase in the incidence of geriatric hip fracture, good practice of KPI with early surgery should be offered to these patients. Guidelines, clinical pathways, and the setting up of a fragility fracture registry can all play a significant role in improving our health care system.
